Temporal partitioning in foraging patterns of syntopic Virginia opossums (Didelphis virginiana) and raccoons (Procyon lotor) was investigated at 3 sites in western Tennessee through the use of timers attached to live traps on trapping grids and through time-stamped remote photography using infrared-triggered cameras at bait stations. Data were analyzed using Watson's U 2 -test, chi-square analyses, and probability tests. Results revealed no intraspecific differences in time of foraging for either species and a lack of interspecific differentiation. A high degree of overlap in foraging times of the species was observed. Virginia opossums and raccoons apparently did not partition their times of foraging. Foraging patterns of each species seem to be independent of the other (neutral association). Ecologically similar species are often thought to reduce competitive effects through partitioning of resources (e.g., food, habitat, space). Such interactions have been discussed in previous works (Heller and von Helversen 1989; Kamler et al. 2003; Moreno et al. 2006; Schoener 1974) , and temporal partitioning, especially as it relates to foraging time, has been proposed as a mechanism that permits coexistence of potentially competing species (Carothers and Jaksić 1984; Case and Gilpin 1974) . However, temporal interactions within and between many species of mammals (especially mammalian mesopredators) remain unclear.
Ecologically similar species are often thought to reduce competitive effects through partitioning of resources (e.g., food, habitat, space). Such interactions have been discussed in previous works (Heller and von Helversen 1989; Kamler et al. 2003; Moreno et al. 2006; Schoener 1974) , and temporal partitioning, especially as it relates to foraging time, has been proposed as a mechanism that permits coexistence of potentially competing species (Carothers and Jaksić 1984; Case and Gilpin 1974) . However, temporal interactions within and between many species of mammals (especially mammalian mesopredators) remain unclear.
Virginia opossums (Didelphis virginiana) and raccoons (Procyon lotor) are syntopic (i.e., coexist) throughout much of their distributions. Considerable overlap has been observed between the taxa in both habitat use and diet (Gardner and Sunquist 2003; Gehrt 2003; Kissell and Kennedy 1992; Llewellyn and Uhler 1952; Zeveloff 2002) , providing numerous opportunities for interspecific interactions. However, associations between these species are relatively unstudied. With the exception of Ladine (1997) , no investigation has assessed diel foraging patterns between these species. Ladine (1997) suggested that opossums and raccoons partitioned resources through differences in foraging times. Additionally, he observed intraspecific differences in foraging times within these species but was uncertain as to whether such results were biologically meaningful.
The purpose of the present investigation was to assess temporal differences in intraspecific and interspecific foraging patterns of opossums and raccoons. Specifically, we predicted that no temporal differences exist in the patterns of diel foraging within species in relation to sex and age. Additionally, we predicted that no temporal difference exists in diel foraging patterns between the species. This study provides novel information that enhances our understanding of intraspecific and interspecific interactions of mammalian mesopredators.
MATERIALS AND METHODS
Study area.-The study was conducted at the 7,462-ha Ames Plantation (Ames) located approximately 5 km northwest of Grand Junction in Fayette and Hardeman counties, Tennessee (UTM 3888064N, 298044E). Ames was owned and operated by Trustees of the Hobart Ames Foundation cooperatively with the University of Tennessee. Ames was composed of upland and bottomland forest interspersed with agricultural fields. Habitat was typical of the region. In w w w . m a m m a l o g y . o r g general, agricultural crops included soybeans (Glycine max), corn (Zea mays), and cotton (Gossypium sp.). Common tree species in uplands were loblolly pine (Pinus taeda), oaks (Quercus spp.), hickories (Carya spp.), and yellow poplar (Liriodendron tulipifera); bottomland-species included, primarily, oaks, maples (Acer spp.), and sweetgum (Liquidambar styraciflua). Old fields included native warm-season grasses such as broomsedge (Andropogon virginicus), big blue stem (Andropogon gerardii), Indian grass (Sorghastrum nutans), and switch grass (Panicum virgatum) that were maintained by periodic burning. Topography of upland forest sites was characterized by gently rolling slopes and erosional gullies. Bottomland forest, old-field, and agricultural areas occupied a flatter topography (Baldwin 2003) .
Trapping procedure.-Three trapping grids were established and were spaced 1.6 km apart. Traps were placed in an 8 3 8 configuration with spacing between traps of approximately 230 m for a total of 64 traps per grid and grid areas of 259 ha. Each grid was trapped for approximately 2,000 trap nights per year during 2000-2003. Trapping was conducted year-round. Animals were captured in raccoon-size Tomahawk (Tomahawk Live Trap Co., Tomahawk, Wisconsin) or Havahart (Woodstream Corporation, Lititz, Pennsylvania) live traps. Traps were baited with canned cat food, dry dog food, or doughnuts. Upon initial capture, raccoons were anesthetized with a mixture of ketamine hydrochloride (Ketaset; Bristol Laboratories, Syracuse, New York) and acepromazine maleate (PromAce; Ayerst Laboratories, New York, New York) at a 5:1 ratio with 0.1 cc of ketamine hydrochloride used per estimated kilogram of body weight. Captured opossums generally were not anesthetized but when necessary were treated in the same manner as raccoons. All captured opossums and raccoons were tagged in both ears with numbered rabbit tags or no. 3 Monel tags (National Band and Tag Co., Newport, Kentucky), respectively. Data collected from animals at the time of capture included gender and age class, site of capture, and capture time. Age classes of opossums were determined by a combination of tooth irruption and tooth wear, and animals were classified as either juveniles (,10 months) or adults (10 months- Gardner and Sunquist 2003) . Age of raccoons was determined by tooth wear, and animals were placed into an appropriate age class (1-5- Grau et al. 1970 ). All animals were released at the site of capture. Animals that had been anesthetized were placed in nearby cover and concealed with leaves for protection until recovery. All methods followed the guidelines for the capture, handling, and care of mammals as approved by the American Society of Mammalogists (Gannon et al. 2007 ) and by The University of Memphis Institutional Animal Care and Use Committee.
Time of activity.-Timers (Model TT-100, Trail Timer, Minneapolis, Minnesota) were attached to selected traps within sites such that they preserved the time when an animal entered the trap. A maximum of 60 timers was in operation on any given date. Locations were selected opportunistically in an effort to maximize data collection. Entry into a baited live trap was assumed to represent foraging activity (Ladine 1997 ). Preliminary analyses indicated that capture times among years and sites were not significantly different for either species (Carver 2009) . Therefore, to increase sample size, data for each species were pooled across years and sites for further analysis.
Infrared-triggered cameras (DeerCam and Cuddeback Digital Camera; Non Typical, Inc., Park Falls, Wisconsin) were placed over bait stations April-September 2002 -2004 at Ames in areas within and adjacent to trapping grids. Bait was shelled corn or cattle feed (16% Peak Power Dairy Feed; Tennessee Farmers Cooperative, LaVergne, Tennessee), a pelleted mixture of grains, crushed corn, and molasses. A single camera was placed at each bait station. The date and time of day was imprinted onto each photo. Cameras were set to 10 min between photographs. A total of 2,719 camera nights (1 camera night 5 1 camera in operation for 1 night) was amassed during the study. Preliminary analyses indicated that foraging times among years were not different for either species (Carver 2009 ); consequently, data from photographs at bait stations were pooled across years for comparisons. Data for individual sites are given in Carver (2009) .
Analysis of time data.-Multiple captures of individuals were treated as separate events. For example, if a photo taken at 2109 h showed 2 raccoons present, both individuals were included in the analysis (2 animals at 2109 h on the same date). Multiple captures of the same individual in subsequent photographs also were treated as separate data points and were included in the analysis. Photographs in close succession (,1 h) were not uncommon and could have represented the same individual (or individuals), but it was not generally possible to determine the identity of the animals in the photographs. All photographs were included in the assessment because of the inability to identify particular individuals and because the continued presence of the same animal in the area still represented foraging activity. The inclusion of all photographs presents a risk of autocorrelation that would tend to increase the probability of type I errors (Bence 1995), but this risk may be more acceptable than bias that can be introduced from other techniques (such as selecting only the first activity record per site per night- Hicks et al. 1998) .
Because day length varied seasonally at the study sites and both species are predominantly nocturnal (Gardner and Sunquist 2003; Gehrt 2003) , direct analysis of time of capture was not appropriate. Therefore, data were converted to time after sunset (before midnight), time before sunrise (after midnight), time after sunrise (before noon), or time before sunset (after noon). Times were standardized to a day with a 12-h day length with sunrise at 0600 h and sunset at 1800 h. This conversion allowed times to remain in a traditional hhmm format, which are better suited to analysis with circular statistics. Because opossums and raccoons have been shown to exhibit changes in activity patterns during cold weather (Gardner and Sunquist 2003; Gehrt 2003) , only data from nights with minimum temperatures 4uC were used in the analyses. Foraging times did not generally follow a von Mises distribution, so Watson's U 2 -tests were used to determine if temporal activity differed between or within species (Zar 1999 ).
Data were examined to determine if multiple captures of a single animal significantly skewed the time of capture for each age class or gender. Preliminary analysis indicated that this was not the case; therefore, data from all individuals were included in all analyses. To test for the possibility that activity patterns could be affected by gender or age of animals, data from captures were examined for intraspecific differences between sexes and between or among ages. Age class 5 raccoons were omitted from these analyses because of small sample sizes. A false discovery rate control (Verhoeven et al. 2005 ) was used to reduce the risk of type I errors in multiple comparisons. Watson's U 2 -tests were calculated using ORI-ANA 3.0 (Kovach 2003) .
Chi-square contingency table analysis was used to determine if the number of nights with both species recorded at a single camera station was different from expected. Values greater than or equal to random would indicate a lack of temporal avoidance. Additionally, on nights when a single camera station recorded the presence of both species, the nearest time to a photograph of the other species was recorded, and it was determined if the species recorded earlier was an opossum or raccoon. A binomial probability test was used to determine if the species that was recorded earlier on nights with both species documented at a camera station was different from random. A probability test revealing a random pattern would indicate a lack of temporal partitioning, and a value significantly different from random would indicate temporal partitioning (i.e., the species avoid being present at the same place at the same time). Chi-square and binomial tests were calculated using SPSS 10.0 (SPSS 2000). An a priori alpha level of 0.05 was used for all statistical tests.
RESULTS
Capture records.-Approximately 3,800 timer-nights (1 timer-night 5 1 timer attached to a trap for 1 night) were compiled during the study. Timers attached to traps provided 21 records of capture time for opossums and 38 for raccoons. Two raccoons were captured in the same trap on 1 occasion. Both animals were age class 1. No individual of either species was captured more than twice.
Intraspecific activity (opossums).-No differences existed between sexes (U 2 9,12 5 0.107, P . 0.05) or between age classes (U 2 9,12 5 0.03, P . 0.05) for time of capture. The mean time of capture for opossums was 2243 h. All but 2 captures were between sunset and sunrise (Fig. 1) .
Intraspecific activity (raccoons).-We observed no difference between sexes (U 2 14,23 5 0.108, P . 0.05) or among ages (Table 1) in time of capture. The mean time of capture for raccoons was 2220 h. The majority (33 of 38) of raccoon captures was between sunset and sunrise (Fig. 1) .
Interspecific comparisons from captures.-There was no difference in capture time between opossums and raccoons (U 2 21,38 5 0.064, P . 0.05). The mean time of capture was 23 min later for opossums than for raccoons (Fig. 1, Table 2 ).
Interspecific comparisons from photographs.-Photographs yielded 45 records of activity time for opossums and 593 Table 2 . Mean vectors of activity derived from photographs were 34 min later for opossums than for raccoons (Fig. 2) . Both species were widely active between sunset and sunrise. Fortyone of 43 (95%) opossum photos were during darkness, and the remaining 2 photos were within 1 h after sunrise. Ninetyone percent of raccoon photos (541 of 593) were during darkness. Many of the raccoon photographs during daylight hours were within 1 h of sunset or sunrise (28 of 52: 54% of daylight photographs). Foraging time as derived from photographs was not different between species (U 2 45,593 5 0.058, P . 0.05). Since the null hypothesis was not rejected, any possible autocorrelation that may have resulted from the inclusion of all photographs did not affect the analysis.
Eighteen camera nights produced photographs of both species at the camera station at some point during the same night. The occurrence of both species at the same camera station during the same night was greater than expected by chance (x 2 1 5 79.18, P , 0.001). The mean time (6 SE) between subsequent photographs of opossums and raccoons at the same camera station was 114 6 31.3 min (range 0-472 min). Opossums were photographed earlier than raccoons 11 times during subsequent photographs, and raccoons were photographed earlier 6 times. The exact binomial probability of this value was 0.332.
DISCUSSION
Results of our study confirm the opossum as a strongly nocturnal species as suggested by Allen et al. (1985) . Previous studies found activity levels greatest before 0200 h (McManus 1971; Ryser 1995) . Seidensticker et al. (1987) reported no differences in foraging times (as determined by time away from the den) within or between sexes. Gillette (1980) found that some young opossums (second litters) were inactive during cold nights in November in Wisconsin, a behavior likely influenced more by body mass and thermoregulation requirements than age. Ladine (1997) found differences between sexes and among ages in time of capture for opossums; males were captured earlier than females, and subadults were captured earlier than adults. Ladine (1997) hypothesized that observed differences might have been due to seasonal influences or that the presence of raccoons could have increased intraspecific variation in activity among opossums. Except for Ladine (1997) , support for intraspecific Tennessee, 2002 Tennessee, -2004 , as calculated from remotely triggered photographs. Times have been standardized to a day of equal day and night length (sunrise at 0600 and sunset at 1800 h). Category width is 1 h. Numbers on concentric circles represent sample sizes. Bold lines represent mean vectors (opossums 5 0131 h, raccoons 5 0057 h). Arcs outside the circles represent 95% CIs of the mean vectors. differences in foraging activity between age classes or sexes of opossums is lacking, but this issue needs additional study.
The current investigation supports previous studies that show raccoons to be primarily nocturnal, with activity concentrated between sunset and sunrise (Kaufmann 1982; Lotze and Anderson 1979) . No studies have documented differences in foraging times among raccoons of different ages. Ladine (1997) found significant differences between male and female raccoons in time of capture but suggested that this was probably not biologically meaningful. No other studies have noted differences in foraging times between sexes. For raccoons, it appears that females and yearlings exhibit similar movement patterns, whereas adult males differ in that they travel farther each night (Gehrt 2003) . Our study suggests that timing of activity of raccoons is similar for all individuals regardless of age or gender.
Intraspecific differences in activity patterns between sexes and age classes are well established among many mammals (McDonough and Loughry 1997; Thompson 1977; Weir and Corbould 2007) , but with the exception of home-range and nightly movements (i.e., distance traveled and rate of travel), few data exist regarding the time of activity between sexes or age classes of mammalian mesopredators. The lack of intraspecific differences in capture times from the current investigation suggests that neither gender nor age class has a strong impact on foraging times of opossums or raccoons. Animals of all genders and age classes are broadly active between sunset and sunrise.
We verified the lack of temporal differences in diel foraging patterns of opossums and raccoons. Apparent differences in mean time of activity from different methods (i.e., capture times versus photograph times) likely reflect a bias toward captures occurring at initiation of foraging (Hicks et al. 1998) ; however, overall patterns from both methods were similar. Both species are widely active between sunset and sunrise and overlap extensively in time of activity, similar to previous studies (opossums -Gardner and Sunquist 2003; McManus 1974, and raccoons-Gehrt 2003; Kaufmann 1982; Lotze and Anderson 1979) .
Our results do contradict those of Ladine (1997) , who concluded that opossums and raccoons partitioned resources through foraging time differences; however, he noted that his results could have been confounded by age and sex differences and should be considered with caution. Lack of temporal partitioning among these mesopredators conforms with the assertion by Schoener (1974) that temporal specialization should be rare unless it reduces interspecific predation. Food habit studies fail to show evidence for predation between opossums and raccoons (Gardner and Sunquist 2003; Gehrt 2003; Kaufmann 1982) .
Studies examining temporal activity in mesopredators suggest partitioning among some species and not others. No differences in temporal activity were observed between coyotes and bobcats (Litvaitis and Harrison 1989) or between swift foxes (Vulpes velox) and coyotes (Kitchen et al. 1999 Fedriani et al. 1999) have noted interspecific differences in activity patterns. In general, mesopredators appear to demonstrate considerable variability in the occurrence of temporal partitioning.
At present, intra-and interspecific patterns of foraging activity of mammalian mesopredators in syntopy remain poorly understood. Overall, little support exists to suggest a difference in the patterns of diel foraging between or within opossums and raccoons. Such results support the conclusions of Kissell and Kennedy (1992) and Carver (2009) . The relative lack of photographs of both species together at the same time in the current study, however, suggests that although the 2 taxa might not partition the niche temporally, a degree of avoidance at proximity could exist, although this critical distance is unknown. The same also could be true for intraspecific interactions, especially between individuals of different genders or age classes. Dickman (1991) suggested that a lack of direct encounters between potentially competing species could be due to early detection (by sound or smell) of the dominant species by the subordinate species before an encounter, followed by evasive action by the subordinate species. A similar mechanism could be in place between or within opossums and raccoons if interference competition were occurring. Future investigations could make use of videography methods, proximity detectors (Prange et al. 2006) , or odor cues (Dickman 1991) in efforts to better understand intra-and interspecific behavior patterns among mesopredators during foraging.
